In order to study systematically the soft X-ray emission of Active Galactic Nuclei (AGNs) at medium to high redshifts, we have analyzed ROSAT PSPC and HRI data of QSOs at 0.26 ≤ z ≤ 3.43 selected from the second deepest ROSAT PSPC survey carried out in 1991-1993 by McHardy et al. (1998) .
δ (2000) α (2000) δ ( et al. (1998) 4 (r) indicates that the source is detected in the preliminary 20-cm radio map.
Although the sample of Laor et al. (1997) is complete, it is confined to the nearby universe.
The sample of Reeves & Turner (2000) includes some high redshift quasars but most of the quasars are nearby and the sample is not complete.
We present the results of a detailed spectral and timing analysis of a nearly complete sample of 22 type 1 QSOs obtained from the ROSAT PSPC deep survey of McHardy et al. (1998) . The basic parameters of the QSOs are listed in Table 1 . We will refer to all the objects as QSO, independent of their luminosity, but note that some have low X-ray luminosity (see Table 4 ). The aims are to extend the study of soft X-ray properties of QSOs at higher redshifts and to investigate whether QSOs at high redshifts have excess soft X-ray emission similar to that seen in the narrow-line Seyfert 1 galaxies. The outline of the paper is as follows. In §2 we describe the sample; in §3 we describe the X-ray observations and analysis. Section 4 deals with optical spectroscopy. In §5, we compare our results with other studies and discuss some of the implications. Finally, we conclude our study in §6.
Throughout the paper, luminosities are calculated assuming isotropic emission, a Hubble constant of H 0 = 75 km s −1 Mpc −1 and a deceleration parameter of q 0 = 0 unless otherwise specified. 
THE QSO SAMPLE
The QSOs were selected from the second deepest ROSAT PSPC survey of McHardy et al. (1998) which covers a circular region of radius 15 arcmin of the sky towards the direction where the Galactic N H is low (∼ 7.9 × 10 19 cm −2 ). The ROSAT survey consists of two observations with PSPC and one observation with HRI (see below). There are 32 QSOs identified to a flux limit of ∼ 2 × 10 −15 erg cm −2 s −1 in the energy band of 0.5-2.0 keV (see Jones et al. 1997; McHardy et al. 1998 ). In order to be able to derive the shape of the soft Xray spectrum of the individual QSOs from the single observation with the longest exposure and thus to avoid any effect due to the variation of soft X-ray emission over long time scales, we have selected 22 QSOs and excluded the faintest 10 QSOs which are not detected above 5σ level in any of the two PSPC observations. The soft X-ray selected sample of 22 QSOs (type 1) is nearly complete to a flux limit of ∼ 1.4 × 10 −14 erg cm −2 s −1 in the energy band of 0.1−2.0 keV (corresponding to ∼ 5 × 10 −15 erg cm −2 s −1 in the 0.5 − 2 keV energy band).
There are two X-ray sources, MJM 9 and MJM 54 brighter than the above flux limit but the Soft X-ray properties of a high redshift sample of QSOs observed with ROSAT 5 Figure 2 . Redshift distribution of the 22 MJM QSOs optical nature of these objects is not known (McHardy et al. 1998 ) due to either lack of an optical counterpart or ambiguity in the identification. The ROSAT HRI image of the circular region of radius 15 arcmin is shown in Figure 1 . The HRI image was binned by 16 pixels (8 arcsec) and then smoothed by convolving with a Gaussian of σ = 2 pixels. All the 22
QSOs are marked in Fig. 1 . The centres of the small circles are the optical positions of the QSOs as identified by McHardy et al. (1998) . X-ray sources shown in Fig. 1 , were classified as QSOs based on their optical spectra. All the 22 QSOs show broad (full width at half maximum (FWHM) > 1000 km s −1 ) permitted emission lines (Jones et al. 1997; McHardy et al. 1998) . The hardness ratio (HR), defined as HR =
H−S H+S
, where H and S are the count rates in the 0.5-2.0 keV and 0.1-0.5 keV bands, of the QSOs spans a range of ∼ 0.14 − 1.78.
In Figure 2 , we show the distribution of the QSOs in the sample as a function of redshift and R mag. The number of QSOs increases with magnitude up to R = 20.5 mag and falls at fainter magnitudes (see Fig. 2 ). The QSO sample is optically complete at R < 21 but it is likely that a few fainter QSOs have not been detected (McHardy et al. 1998 ). The redshift of the QSOs ranges from 0.26 to 3.43. 
Optical Identification
The X-ray sources, presented here, were optically identified with QSOs using ROSAT PSPC and optical images, and optical spectra by McHardy et al. (1998) . Here we have confirmed their identification using high resolution HRI X-ray images(central full width half maximum of ∼ 4 ′′ ). The analysis of HRI X-ray images has been carried out using the PROS 1 software package. X-ray images were extracted from the observations listed in Table 2 it is not shown in Fig. 3 .2. The overlays reveal that X-ray emission from some of the QSOs is contaminated with that due to neighbouring sources. In particular, the X-ray emission from the QSOs MJM 18, 20, 23, and 24 may be contaminated significantly, however, the dominant X-ray emission is that due to QSOs. In the following, we have attributed the X-ray emission seen with the PSPC to the individual QSOs due to the difficulty in separating out the small contribution of neighbouring sources in the lower resolution (FWHM ∼ 25 arcsec)
PSPC images.
The HEASOFT v5.0.1 package was used to analyze the PSPC X-ray data of all QSOs.
We have estimated the X-ray count rates for all the QSOs in our sample from the PSPC observations of 1991 and 1993. The total source counts for each QSO were obtained in the energy band of 0.1-2.0 keV from the unsmoothed PSPC images using a circular region centered on the peak positions, and after subtracting the background estimated from 3-4 nearby circular regions. Note that for a few objects e.g., MJM 2, MJM 15 the centres of the circular region were shifted by a few arcsec in order to avoid the contamination from the neighboring objects. The radii of circles, used to extract the source counts, vary from 45 − 90 arcsec. This was necessitated due to the different off-axis position of individual QSOs and to avoid contamination with the nearby X-ray sources. The background counts were estimated separately for individual objects using 3-4 nearby circular regions of radii 1.5 − 2.5 arcmin in order to avoid any spatial variation of the background intensity. Net source counts were derived by subtracting appropriately scaled background counts. The count rates of all the QSOs, derived from the observations of 1991 and 1993, are listed in Table 3 . Also listed in Table 3 are the hardness ratio (HR) values where HR is defined as the ratio of the source counts in the energy band of 0.5-2.0 keV to that in the energy band 0.1-0.5 keV. The QSOs MJM 31, 56, and 63, are not detected during the observation of 1993.
X-ray Light Curves
In order to investigate the time variability of soft X-ray emission from the QSOs, we have extracted light curves from the ROSAT PSPC observations. The light curves for the source and the background were extracted using the 'xselect' package with time bins of 2000 s and in the PSPC energy band of 0.1-2.0 keV containing all the X-ray photons falling within 2.86 ± 0.40 −0.436 ± 0.146 < 1.56 -1 ( * ) indicates that the X-ray emission form the source is contaminated by that due to neighbouring sources. The contamination could be as high as ∼ 50% in case of MJM 20, 30, 55, 63, and 75 . In other sources, the contamination is ∼ 10% or less.
"good time intervals". The source regions and the background regions were the same as described above. It was found that the background was variable by a factor of ∼ 2 − 3 during the observation of 1993 June 19. Therefore, the light curves obtained from the 1993 observation are not suitable for variability studies. During the observation of 1991 June 23, the background was reasonably constant. The background subtractions were carried out after appropriately scaling the background light curve to have the same area as the source extraction area. In order to test the constancy of the background light curves and soft X-ray variability of the QSOs, we have fitted constant count rates to the background light curves and source light curves. From the best-fit minimum χ 2 values, it was found that background count rates obtained separately for each QSO are reasonably constant. It was also found that all QSOs, except MJM 10, do not show significant short-term variability during the observation of 1993 June-July. The soft X-ray variability characteristics of the QSO MJM 10 has been discussed by Dewangan et al. (2001) .
A comparison of count rates during the observations 1991 and 1993 (see Table 3 ) reveals that 9 out of 22 QSOs show long term (time scale ∼ 2 yr) variability. The QSOs MJM 2, 15, 17, and 48 varied by a factor of 2 within 2 yr while the QSOs MJM 7, 21, and, 30 varied by factor of ∼ 3, ∼ 1.5, and ∼ 1.8, respectively. The two QSOs MJM 56, and MJM 63, which are not detected above 3σ level during the observation of 1993, varied by factor of more than 3.6 and 1.3, respectively.
X-ray Spectral Analysis
Photon energy spectra of all the QSOs in our sample were accumulated from their PSPC observation of 1991. The same regions for the source and the background, as described above ( §4.1), were used. To improve the statistics, the ROSAT PSPC pulse height data obtained in 256 pulse height channels for each QSO were appropriately re-grouped to have at least 20 counts in each channel. As examples, X-ray spectra of two QSOs thus obtained from the observation of 1991 are shown in Figure 4 1 .
We used the XSPEC (Version 11.0) spectral analysis package to fit the data with spectral models. An appropriate response matrix and an auxiliary response file of the effective area of the telescope were used to define the energy response of the PSPC. The ROSAT PSPC spectra of QSOs shown in Fig. 4 , were used for fitting spectral models. The X-ray spectrum of each QSO in the sample was first fitted with a redshifted power-law model with photon index, Γ X , and absorption due to an intervening medium (Model A) with the absorption cross-sections as given by Balucinska-Church & McCammon (1992) and using the method of χ 2 -minimization. The results of this fitting and the best-fit spectral model parameters are shown in Table 4 . The errors quoted were calculated at the 90% confidence level based on −0.5 for MJM 7, MJM 10, and MJM 15, respectively. We measure the statistical significance of the reduction in the best-fit χ 2 with addition of an intrinsic absorption component, described by N H as a free parameter, using the F-test (Bevington 1969) . The calculated values of F-statistic values and the corresponding probabilities are given in Table 5 for the QSOs MJM 7, 10, and 15.
The F-statistics probability is the probability that the reduction in χ 2 is not statistically significant. As can be seen the Table 5 , at 95% level, the presence of additional absorption component local to the source is significant for the QSOs MJM 7, MJM 10 and MJM 15. Table 4 ). In order to investigate any change in the soft X-ray spectral shape and flux, we have also analyzed the PSPC spectra of the QSOs observed in 1993. The PSPC spectra of the QSOs and the corresponding background spectra were extracted from the observation of a Model A(B) a is redshifted simple power-law model modified by an intervening medium (Galaxy) described by N H (Galactic N H ) at z=0.0. Model C is same as model B with an addition absorbing component at the source redshift. b Observed flux in units of 10 −14 erg cm −2 s −1 in the energy band 0.1 − 2.0 keV. c Unabsorbed soft X-ray luminosity in units of 10 44 erg s −1 in the energy band 0.1 − 2.0 keV. a Models B and C are same as that defined in Table 4 . b Observed flux in units of 10 −14 erg cm −2 s −1 in the energy band 0.1 − 2.0 keV. c Unabsorbed soft X-ray luminosity in units of 10 44 erg s −1 in the energy band 0.1 − 2.0 keV. models, namely redshifted and absorbed power-law model with N H as a free parameter and N H fixed to the Galactic, as described above were fitted to the PSPC spectra obtained in 1993. The power-law model with N H as a free parameter is a good description to the observed PSPC spectra of individual QSOs. Except for the QSOs MJM 7 and MJM 10, the Galactic N H along the line of sight of each QSO was found to be well within the range of derived N H . Therefore, the power-law model with N H fixed to the Galactic value was fitted to the spectrum of each QSO. The best-fit parameters derived are given in Table 6 .
The PSPC spectrum of the QSO MJM 7 is well described by a power-law of Γ = 3.91 with N H fixed at the Galactic value is 11.4 and the F-statistic probability is 3.55 × 10 −3 .
Thus the addition of an excess absorption at the QSO redshift to the power-law model with fixed N H is a significant improvement at 99.4% level.
The power-law model with N H as a free parameter is an acceptable fit (reduced χ observations. This discrepancy could be due to the low S/N and poor spectral resolution of the PSPC spectra of MJM 15.
Optical Spectroscopy
Optical spectra of 12 of the 22 QSOs were obtained on the night of 1994 April 7 with the Multi Object Spectrograph (MOS) on the 3.6-m Canada France Hawaii Telescope (CFHT)
as a part of a program to identify X-ray sources (McHardy et al. 1998) . A 300 l mm The analysis of the emission lines of MJM 10 has been discussed by Dewangan et al. (2001) . Emission lines of other QSOs were modeled by Gaussian profiles using the IRAF task ngaussfit. As a first step, we fitted a single Gaussian profile to the strong emission lines.
Most of the emission lines are described by a single Gaussian profiles, however, the broad wings of the Mg II lines in the spectra of the QSOs MJM 3, 7, and 20 are not well fitted by a single Gaussian profile. Therefore, the Mg II line in the spectra of the above QSOs were modeled by two Gaussian which gave satisfactory fit to the line core as well as to the wings.
The two component fitting to the Mg II line revealed that the broad component is blue shifted with respect to the narrow component (see Table 7 ). The broad components of the Mg II line is blue shifted by ∼ 1180, ∼ 790, and ∼ 1080 km s −1 in the spectra of MJM 3, 7, and 20, respectively. In the rest of the QSO spectra only one component is detected. This could be due to the low S/N ratios of the optical spectra.
DISCUSSION

The soft X-ray spectral shape
The deep ROSAT PSPC observations together with improved sensitivity and energy resolution, compared with earlier instruments, allows us to determine the shape of the soft X-ray in our sample appears to be flatter than the average photon index of QSOs at low redshifts.
Walter & Fink (1993) analyzed the PSPC spectra of 58 AGNs observed in the ROSAT All Sky Survey (RASS) which contains a subsample of 24 QSOs with mean photon index, Γ X = 2.57 ± 0.06 (Laor et al. 1997) . A similar average photon index of 2.65 ± 0.07 was found
by Schartel et al. (1996) for 72 In order to further explore the redshift dependence of soft X-ray spectral slope of QSOs, we formed average spectra of QSOs in four redshift bins -z = 0.25 − 1.0 (5 QSOs), z = 1.0 − 1.6 (7 QSOs), z = 1.6 − 2.0 (7 QSOs), and z = 2.0 − 3.43 (3 QSOs). The average spectra were then fitted by simple power-law modified by the Galactic absorption only.
In Figure 6 , we have plotted the average photon index as a function of redshift for the QSOs in our sample. Also plotted in Fig. 6 is the average photon index of 23 Quasars from the Bright Quasar Survey (BQS) sample of Laor et al. (1997) . The average photon index flattens at higher redshifts e.g., < Γ X >= 2.62 ± 0.09 at z ≤ 0.4 and < Γ X >= 2.17
−0.08 at 1.6 ≤ z ≤ 2.0. Blair et al. (2000) studied soft X-ray spectral evolution with redshift using a large sample of 165 QSOs observed with ROSAT and found the 0.1 − 2 keV average spectra in 5 redshift bins harden from Γ X ∼ 2.6 at z = 0.4 to Γ X ∼ 2.1 at z = 2.4. This result is similar to that found here. Blair et al. (2000) also noted that the spectra in 0.5 − 2 keV band show no significant variation in spectral index with redshift suggesting the presence of a spectral upturn below 0.5 keV. While Blair et al. (2000) found that at lower redshifts spectra need a soft excess component in addition to a power-law and inclusion of a blackbody component (kT ∼ 100 eV) for the soft excess results in a significant improvement over a single powerlaw, Laor et al. (1997) did not require such a soft excess component. The discrepancy could Soft X-ray properties of a high redshift sample of QSOs observed with ROSAT 19 be due to the fact that Laor et al. (1997) added 1% systematic errors in quadrature to the statistical errors. The difference between the average spectral slopes of QSOs at low and high redshifts can be understood in terms of mean X-ray spectrum consisting of a powerlaw of Γ X ∼ 1.9 and a soft excess below ∼ 0.5 keV in the rest frame. At higher redshifts (z < ∼ 2) the rest frame soft excess component below ∼ 0.5 keV is not covered in the observed 0.1 − 2 keV band, the observed spectrum is a power-law with Γ X ∼ 1.9. While at lower redshifts, the observed spectrum, consisting of both soft excess and power-law component, is steeper when fitted with a single power-law and similar to that of z < ∼ 2 QSOs when the soft excess component below ∼ 0.5 keV is excluded from the fit. This could also be the reason why Reeves & Turner (2000) found mean photon index of ∼ 1.9 in the 0.6 − 10 keV ASCA band for their sample of 27 radio quiet quasars.
Intrinsic Absorption
Due to the low signal-to-noise of the PSPC spectra of the QSOs in our sample, we are not able to determine the consistency of HI columns derived from the 21 cm radio observations (Dickey & Lockman 1990 ) and HI columns derived from the absorbed power-law model fits to the observed PSPC spectra. Laor et al. (1997) have shown that the two columns agree to a level of about 5% − 9% at high Galactic latitudes. There are indications that some broad-line AGNs show intrinsic absorption (e.g., Page et al. 2001; Akiyama et al. 2000) . The power-law models modified by the Galactic absorption provide acceptable fits to the PSPC spectra of all QSOs except MJM 7, MJM 10, and MJM 15 (see Tables 4,& 5) . Thus most of the QSOs in our sample lack intrinsic absorption. Only three QSOs, MJM 7, MJM 10, and MJM 15, out of 22 show indications for the presence of intrinsic absorption. The amount of intrinsic absorption inferred from the best-fit absorbed power-law models, ∼ 10 21 cm −2 for MJM 7, is quite high and may cause the QSO to be redder than others in the sample. The ratio of soft X-ray to optical R band flux can be written as log( f X f R ) = log(f X ) + m R 2.5 + 3.5
where f X and f R are X-ray and optical R band fluxes, and m R is the R band magnitude. For MJM 7, the ratio of observed X-ray and optical flux (
) is calculated to be 2.95×10 −3 while the ratio is 0.0160 for MJM 15 which is located at the same redshift (z=1.14) as MJM 7. In order to investigate whether the lack of soft X-ray emission of MJM 7 is only due to intrinsic absorption or the QSO is intrinsically X-ray weak, we calculated the ratio of unabsorbed soft X-ray flux and observed R band flux for MJM 7 and MJM 15. The ratio (
for MJM 7 and 0.072 for MJM 15. Thus, the low observed X-ray flux of MJM 7 may not be entirely due to absorption and MJM 7 could be intrinsically weaker. The amount of intrinsic HI column in MJM 10 is small (2.8 +1.7 −0.8 × 10 20 cm −2 ) and is similar to that observed in some NLS1 galaxies (Grupe et al. 1998 ).
Optical Spectra
Optical spectra of the 12 QSOs, except MJM 10, are typical of QSOs. The optical spectra of MJM 10 is typical of NLS1 galaxies or NLQSOs and has been discussed in detail by Dewangan et al. (2001) . 
CONCLUSIONS
We have derived soft X-ray spectral shapes and light curves of a nearly complete sample of 22 QSOs. We also presented optical spectra of 12 QSOs from our sample. Our main results are as follows.
(i) About 33% of the QSOs show a long term (∼ 2 yr) soft X-ray variability while only one QSO MJM 10 shows rapid variability.
( (iii) The soft X-ray photon index of the QSOs in our sample ranges from 1.4 to 3.7. The average photon index of the sample is 2.40 ± 0.09 with a dispersion of 0.57.
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(iv) The average photon index of the QSOs is found to flatten at higher redshift. This can be understood in terms of the redshift effect of mean intrinsic QSO spectra consisting two components -a soft excess component and a power-law.
(v) Only one QSO MJM 10 out of 22 has been found to be an NLQSO.
(vi) The broad component of the Mg II line in the spectra of MJM 3, 7, and 20 are found to be blueshifted by ∼ 1180, ∼ 790, and ∼ 1080 km s −1 , respectively.
